This study was performed to evaluate the effect of supplementation of low crude protein (CP) corn-soybean meal diets which contained low ME levels with lysine (Lys), methionine (Met) and threonine (Thr) above that recommended by the National Research Council (NRC, 1994) on broiler performance, carcass characteristics and serum constituents from 12 to 33 d of age. A total of 100 Ross chicks were randomly distributed in a randomized complete block design among 20 cages with 5 replicate cages / treatment with four dietary treatments: T1＝Control diet (21% CP and 3150 kcal/kg ME); T2, T3 and T4 contained 19.5% CP and 115% of Lys, Met and 108% of Thr compared to the NRC requirements; T2, T3 and T4 contained 3150, 3100 and 3050 kcal of metabolizable energy (ME)/kg, respectively. Cumulative feed intake, body weight gain and feed conversion ratio from 12 to 33 d of age was not affected by treatment. Birds which had received T2 and T3 had a higher dressing percentage compared to those which had received T1. Breast muscle yield followed the same trend; heavier breasts were obtained from birds which had received T2 and T3. Serum uric acid concentration was influenced by treatment; it was significantly higher for birds which had received the control diet compared to all other treatments. Based on presented evidences, it can be concluded, that by fortifying crystalline amino acids to broilers diet at this stage of production, dietary CP and ME could be reduced to 19.5% and 3050 kcal/kg, respectively.
Introduction
Many poultry nutritionists use the levels outlined by the National Research Council (NRC, 1994) as a guideline in providing amino acid requirements for their flocks. However, modern broilers consume less feed per unit of body weight gain (BWG) and reach their target weights in fewer days due to genetic improvements compared to broilers used in previous years (Dozier et al., 2008) . Therefore, dietary AAs need of the modern commercial broiler should be increased. It has been recognized that poultry actually require a specific quantity and balance of the dietary essential AAs and sufficient nitrogen for synthesis of the non-essential AAs, rather than crude protein (PC) per se (NRC, 1994) . Formulating diets based on this approach could reduce broilers feed cost by use of low-CP diet fortified with essential AAs which are available at viable costs, by reducing the level of CP in the ration it is possible to achieve significant cost savings (Dozier, 2008) . On the other hand, by applying this approach it is possible to improve the bird's ability to cope with heat stress and allow for use of a greater variety of ingredients (Kidd et al., 1997) . Furthermore, the environmental benefits of the low-CP diets have been well established (Bregendahl et al., 2002) .
Many attempts have been made to study the extent to which dietary CP could be reduced at the expense of crystalline AAs and yet not compromising broiler performance (Uzu, 1982; Waguespack et al., 2009) . However, other reports had shown no performance improvements when crystalline essential or non-essential AAs or both were supplemented in moderate to large excess of that recommended by NRC (Jiang et al., 2005; Aftab et al., 2006) .
In practical feeds the total sulfur AAs (methionine (Met)+ cysteine), lysine (Lys) and threonine (Thr) are usually considered as the most limiting amino acids in practical feeding for growing chickens fed corn-soybean meal (corn-SBM) diets (Kidd, 2000) . Methionine, Lys and Thr may interact with one another to improve broiler performance (Dozier et al., 2008) . If low-CP diets fortified with Met and Lys, careful evaluation of the dietary Thr minimum requirement may be necessary to obtain optimal performance. Overall dietary Lys: Met and Lys: Thr interactions were apparent to optimize meat accretion. According to Kidd et al. (1997) if broilers feed is fortified with Lys above the NRC (1994) recommendations, Thr requirements will increase. Increasing dietary Lys without an increase in Met and Thr may limit protein synthesis and reduce meat accretion (Kerr et al., 1999; Ojano-Dirain and Waldroup, 2002) . Hickling et al. (1990) reported that diets fortified with Lys and Met (106 and 112% of the NRC, 1994, respectively) interacted to optimize carcass and breast meat yields of male broiler compared to control diet. Other research found no interactions between Lys and Met in broiler diets when both were fed equal or above the NRC (1994) suggested recommendations (Si et al., 2004) . The objective of this study, therefore, was to evaluate the effect of supplementing diets that have low-CP and low ME levels with Met, Lys, and Thr above that recommended by the NRC on performance, meat quality, and serum constituents for 12-to 33-d old male broiler.
Materials and Methods

Animals and Husbandry
Day-old, Ross male chicks were randomly distributed among cages in electrically heated battery brooders with raised wire floors. The chicks had been vaccinated for Marek's disease, Newcastle and Infectious Bronchitis. For the first 11 days, the chicks were fed a common starter mash diet that met the nutrient requirement suggested by NRC (1994) . At 12 d, the chicks were grouped by weight in such a way as to reduce variation in mean chick weight and received the experimental diets. Five birds were randomly allotted to each of 20 cages. The temperature during the trial period was set at 22.0℃. Feed and water were provided ad libitum and birds were maintained a 24h light schedule.
Diets and Treatments
Corn and SBM were analyzed for CP (N x 6.25) and AA content and the adjusted values were used to formulate the experimental diets (Table 1 ). The AA composition of the ingredients and final diets was determined after acid hydrolysis (Method 994.12; AOAC, 2002) . Total sulfur AA composition was determined after performic acid oxidation followed by acid hydrolysis (Method 994. 12; AOAC. 2002) . Soy bean meal was reduced at the expense of synthetic AAs and corn, so reduced dietary CP was a direct consequence of a reduction in inclusion of SBM level and reduced metabolizable energy (ME) level was achieved by a reduction in the inclusion of palm oil. The diets were supplemented with different amount of L-Lys hydrochloride, DL-Met and LThr, nitrogen contributed by synthetic AAs was included in the calculations.
Chicks were fed a standard corn-SBM grower mash from 12 to 33 d of age. Since the trial period lies between the starter and the grower periods according to the NRC, the requirements were calculated based on average values between the two periods. Four dietary treatments were utilized in this experiment: T1 was the control diet and was formulated to meet a minimum of 100% of NRC (1994) requirements; it contained 21% CP, 3150 kcal of ME/kg and 100% of Lys, Met, and Thr requirements; T2, T3 and T4 contained 19.5% CP, 115% of Lys and Met and 108% of Thr requirements; T2, T3 and T4 contained 3150, 3100 and 3050 kcal of ME/kg, respectively. 
Measurements
Feed consumption and BW were recorded weekly by pen and feed conversion ratio (FCR) computed at 19, 26 and 33 d. Mortality was checked daily and weights of dead birds were used to adjust FCR. At the conclusion of the trial at 33 d, two birds per cage were selected for blood work and parts yields, birds were kept without food for 12 h then were bled from cutaneous ulnar vein. Blood samples were collected using in a 10 ml tubes and were centrifuged for 15 min at 2,500×g, and serum was harvested and stored at −80℃ unless fresh sample is required for the analysis. Serum analyses were conducted by using enzymatic colorimetric kits. The birds were processed using manual evisceration to determine dressing and parts yield. The percentage of yield was calculated on the basis of dressed weight. The study was conducted on May and June, 2010 under a protocol approved by King Saud University and complies with the current laws of Saudi Arabia.
Statistical Analysis
All statistical analysis was performed using the Statistical Analysis System (SAS, 1996) . A cage constituted the experimental unit. Four dietary treatments were arranged in 5 replications in a randomized complete block design. Means for measurements showing significant differences in the analysis of variance were tested using the PDIFF option. Means±standard error of the mean (SEM) are presented in the tables and differences were considered statistically significant at p＜0.05.
Results
At 26 and 33 d, no significant differences in BWG and FCR due to treatment were found; similarly, cumulative BWG and FCR from 12 to 33 d were not affected by treatment ( Table 2 ). The mean percentages of carcass parts are documented in Table 2 . Treatment had a significant effect on dressing percentage; birds which had received T2 and T3 had a higher dressing percentage compared to those which had received T1. While, there was no significant difference in dressing percentage between birds which had received T1 and T4. Breast muscle yield followed the same trend; heavier breasts were obtained from birds which had received T2 and T3. Also, no difference in breast muscle yield was noticed between birds which had received T3 and T4. Those which had received the control diet produced the lowest yield. Thigh and drumstick yield percentage was not significantly affected by treatment. Abdominal fat was reduced significantly in birds which had received T4 compared to those which had received T1 or T3, and no significant differences in abdominal fat percentage between T2 and T4.
The data related to serum metabolites are not shown except for uric acid. Serum total protein and total lipid concentrations were affected by treatment (p＜0. 05). Serum from birds which had received the control diet had the lowest total protein and the highest lipid concentrations as compared to all other treatments. Serum albumin, globulin, glucose, Na ＋ , K ＋ and Cl − concentrations were not affected by any treatment. Serum uric acid concentration was influenced by treatment (Table 2) ; it was higher for birds which had received the control diet compared to all other treatments (p ＜0.01).
Discussion
In this trial, birds fed on low-CP AA fortified diets had a similar FCR to that fed on respective control diet since feed intake and body weight gain was similar. These results agree with previous reports who demonstrated that birds which had received low-CP corn-SBM diet fortified with AAs performed equally well as those which had received the positive control diet, Yonemochi et al. (2003) ; 18 vs. 22% from 5 to 21 d, Corzo et al. (2005) ; 20 vs. 23% from 1 to 42 d, Kamran et al. (2004) ; 21 vs. 23% CP from 1 to 18 d. Conversely, low-CP diets when fortified with AA to bring the essential AA level of low-CP diets to that of 110% NRC (Jiang et al., 2005) or 115 to 145% NRC (Bregendahl et al., 2002) failed to alleviate the negative BWG and FCR of broilers fed on these diets when compared with control protein diets, suggesting that the insufficiency of low-CP diets to restore performance level to that of standard CP diets can not be attributed to the lack of essential AAs alone. Similarly, Dean et al. (2006) reported that the broiler performance was not compromised even when low-CP was fortified with crystalline AAs. Differences in the level of CP, AA fortification, ingredients used, bird' s age as well as strain may have contributed to some of the variation in reported performance.
Theories for feed intake reduction when low-CP diets plus AA were fed have been proposed, one of these involves changes in electrolyte balance or dietary potassium level, in this experiments the electrolyte balance was kept similar for all treatments. On the other hand, Feed intake, BWG and FCR were not affected by the level of ME in the diet.
Breast muscle provides the greatest portion of edible meat in broilers and the contribution of breast muscle to total carcass meat is extensive. Changes induced by AA can be considered meaningful in terms of carcass quality and consumer preferences (Abudabos and Aljumaah, 2010) . OjanoDirain and Waldroup (2002) reported that increasing Lys levels from 1.03 to 1.12% in a control broiler diet significantly improved breast yield and reduced abdominal fat but it had no significant effect on dressing percentage, while, increasing Met from 0.38 to 0.44% resulted in significant improvements in dressing percentage and breast yield. Café and Waldroup (2006) reported that at 35 d, increasing the Met level to 130% of NRC (1994) to a control diet improved the dressing percentage. Breast yield of birds fed diets with 115 or 130% of NRC (1994) Met levels was significantly greater than that of birds fed 100%. Breast yield of birds fed 120% of NRC (1994) Lys was significantly greater than that of birds fed 100%. The results of this trial disagree with those obtained by Moran et al. (1992) who demonstrated that CP had a major impact on abdominal fat deposition and increasing CP intake decreased abdominal fat deposition rather than single AA, broilers fed the low-CP which had been supplemented with AA produced less abdominal fat as compared to the control. Many reports indicated the incidence of high body fat deposition when broilers are fed on low-CP fortified diets, decreasing dietary protein increased the caloric protein ratio, resulting in excessive energy intake, thus resulted in higher carcass content (Aletor et al., 2000) .
Serum uric acid was lower in birds fed the low-CP diets compared to the control, this result support the finding of Corzo et al., (2005) who reported that feeding low-protein diet fortified with essential AAs and non-essential AAs resulted in decreased uric acid. According to Buttery and Boorman (1976) excess of AAs beyond the metabolic needs synthesis are degraded and the nitrogen of degraded AAs is incorporated into uric acid. The synthesis of uric acid is energy demanding, it was estimated that energy cost of uric acid synthesis for a 900 g chick is about 11% of ME intake. Attia et al. (2001) reported that by feeding low-CP diet fortified with Met and Lys resulted in lower serum protein, higher plasma total lipids and cholesterol, the result obtained in this trial disagree with that, since we found higher serum total protein and lower total lipids in birds fed the low-CP diets fortified diets.
In conclusion, the present results suggest that birds fed low-energy and low-CP diets fortified with Lys, Met and Thr performed better than those fed respective control diet. Based on the data of the present study, therefore, dietary CP and ME could be reduced to 19.5% and 3050 kcal/kg, respectively during 12-33 d, without negatively affecting BWG or FCR. Supplementation the low-energy, low-CP diets with Lys, Met and Thr resulted in improvement in dressing and breast yield. Based on the performance, cost of feed and relative efficiency results, it is recommended to feed diet 4 at this stage of production. Further studies are required to examine the effects of fortifying lower CP and ME diets with AAs.
